The transformation of heat directly into useful energy of electrical form, without the usual intermediate inefficient mechanical step, is of military importance in space applications.
filament. The work functions for various directions of single crystal molybdenum were found to be the same as those for single crystal tungsten. Also the average values of work function ýR and AR were 4.40 and 40 respectively, for both tungsten and molybdenum. Thermal treatment always developed facets on the crystal areas of high work function. These facets had highest thermal stability when a shingled structure developed on them during heating.
I.
. . are able to predi:t absolute values or to determine what proportionate contributions result from bulk crystalline properties, from the atomic structure of a pure crystallographic plane, or from micropatch structure that can develop (3) () preferential l x' from thermal equilibration, chemical reaction, (4)or from (5) selective adsorption and migration of adatomic species. This work was directed specifically toward these latter aspects of single crystal emitters.
Long single crystals were produced in filaments of tungsten and molybdenum, and the thermionic emission from these specimens was studied in a projection diode. This experiment had the advantage that while a number of crystal faces were produced simultaneously each could be studied in detail for the same thermal treatment in the same environment. Each filament as a whole had a well defined and simple patch structure of single crystal faces, so that the effect of patches on the overall emission could be studied with precision.
In addition the projection diode method allowed the elastically scattered electrons, a large source of error in most single crystal work, to be measured in a separate experiment.
B. Production of Filamentary Single Crystals

(6)
The Robinson technique was used for recrystallization of the highly refractory filaments. r,"ith wnre sizes of 4-5 irul diameter. Briefly, this method consists in (a) highly polishing the wire by mechanical means, (7) and then (b) heating in high vacuum at , critical annealing temperature until recrystallisation is complete. With this tecrhnique crystals I r.m or longer could be grown in tungsten 80% of the time, in thoriated-tungsten 20% of the time. in molybdenum 40% of the time; in a few trial runs, -esults were nh(8) negative for W-Mo alloys and rhenium. Twisting about 4 turns per inch before polishing always produced crystals with a I 10-axis aligned within 40 with the wire axis, as determined by X-ray an9lyis. With the twist technique crystals of 10 cm length were easily produced in tungsten and molybdenum. Only certain specimens of prewar 218-wire could be recrystallized without twisting, and in this case cryitals at least 2 cin long with 110-axis deviating by as much as 25 from the wire axis could be obtained. This result warn wanted for the later emission studies. The most difficult part of the Robinson technique is to determine the recrystallization temperature, and then tn set and hold a prepared filament at this temperature for the necessary annealing tame. The best condit-,ons in these experiments were found to be approximately 15 hr at 1 9 00CK for tungsten and thoriated-tungsten, and 15 hr at 16000K for molybdenum.
These temperatures are far below the flash values required to clean up the wires sufficiently to produce surfaces of constant emissivity, necessary for precise optical pyrometry or use of the *emperature scales. It is this factor which contributed the most to the relatively low yield of the method.
C. The Projection-diode Technique
In order to arrive at unambiguous iiiformation of significance in the physics of emitting materials, one canno t avoid a detailed study of a large number ;ind a variety of crystals, for different treaements and environments. To approach this problem in a quanti t ative manner. the Johnson-Shockley tube (9 was developed into a precise pro)ec9ion-diode.
The description of this tube and its applicaiaon is given in detail in a (10) separate Air Force Scientifc Report.
With this method one can measure the emission constants point-by-point over a single crystal emittPr, and coincidently measure the average constants AR and ý R for the entire emitter in the same tube. Hence, the relative effect of heat treatment on the various patches, or the effect of patches on 0 for adsorbed layers can be looked at in a quantitative way.
The essential features of the projection-diode are exhibited in a. On-axis Tungsten. Work functions measured photomettically for the various directions on a 10-cm W crystal grown by the twist technique, and having its surface accurately in the ll0.zone, were no different than those already reported (see Table I , reference 10, pg 3a).
Since the correction for electron scattering has not been made at the Severe heat treatment at 2300 K produced no changes in the emission patterns; metallographic study of the filament revealed that facets with a heavily shingled structure had been produced at t&e directions corresponding to the deep minima of emission for both crystals. In fact, this shingle structure appeared !n be the only outstanding feature common to the surfaces of both crystals.
-6- Examination of the crystals with a Unitron metallograph revealed plateau.
like structure in all cases on the surfaces normal to the < 110 > , < 12 I and <c 0l o directions, while no well-defined structure was found on the surfaces norml to the < I 1> and < 116 : directions. $h.silar to the case of on-axis tungsten, prolonged heating at 1S00 0 K produced werk function minimA on the low index directions. This type of development as it appears ir. the photomeewr *can is shown in Fig. 7 at the < 112 > directions.
.7 - The main results are these: (1) scattering percentages as high as 6.2
were measured for the projection diode described in Section C. !2)
Calculations indicate that at least 65% of th,. emission current m, asured in the < 110 > can be spurious due to this cause. In view of the above results, it would also seeni to follow that the large differerce in average work functions usually found for molybdenum (12) in wire and sheet form can be attributed to the patch effect rtsulting from different types of grain growth in the two forms.
1
-13. These data seem to indicate .h4.-t a smooth faceted area on a recrystallized filament is not a form of high thermal stability, an".
that a more stable state is arrived at when a fine thermal etch develops in the middle of the facet, or by the formation of plateaus. The first condition st.._is more probable when 1,e .:ystal surfaces are accurately -11-located in the 1l0-zc-,e, while the second occurs when these planes are slightly tilted. Although the highest measured work function reported (  1 4 ) for metals is on a field-desorbed tungsten point for the < 110 > direction, the largest values measured thermionically have not been reported for (15) smooth surfaces.
Except for the facets and shingles, no other well-defined surface structure was found on the recrystallized filaments, but the severe heat treatment needed for equilibration always change the surface froma an initially smooth polished appearance to one with many crevices, "lakes,"
pits and other defects which apparently have no correlation with the thermionic emission. 
